UNE INTRODUCTION SUR L'ANESTHESTE GENERALE DES ANIMAUX DE LABORATOIRE
(avec une bibliographie sur Ies techniques de narcose)
A wide variety of creatures are used for experimental purposes, and it is essential that the anaesthetic technique employed is suitable for the proposed procedure and causes minimal mortality and stress. Although the technique may have no intrinsic interest for the investigator who wants a cheap, safe, simple system that requires little attention once the experiment is in progress, nevertheless a knowledge of practical principles of anaesthesia is necessary.
Thus the proper use of equipment is ensured, initial animal mortality reduced, and the investigator better able to determine any significance the anaesthesia may have for the experimental design. It is proposed here to indicate some of these principles and sources of relevant information.
MEASUREMENT OF DRUG DOSAGE
The term general anaesthesia implies the administration of drugs that are distributed throughout the body to achieve unconsciousness and reduced response to the stimuli of the investigation.
The effect of these drugs is intimately related to the quantity in the tissues, and methods of measuring and adjusting the amount of any drug administered are fundamental requirements.
Suitably calibrated syringes are adequate for techniques involving injection or introduction of a quantity of drug into a volume of air or water. Commonly used methods of measuring the supply of gases include bubbling the gas through a liquid, measuring the pressure difference between 2 sides of a fixed orifice with a water manometer, and maintaining a constant pressure difference on either side of a variable-sized orifice. The orifice incorporated in the structure of the flow meter may be tubular or have a much greater diameter than length. In the former case the viscosity of the gas plays a major role in determining the rate of flow of the gas, whereas in the latter instance the density is more important.
Accordingly, even if different gases have the same density or viscosity, the same flow meter may not supply accurate measurement of flow for both gases. Each device should be calibrated for the particular gas or vapour that is going to be passed through it (MacIntosh, Mushin & Epstein, 1963) .
Many general anaesthetic agents are commercially supplied in liquid form. Although successful efforts have been made to devise intravenous methods of administration (Krantz et at., 1961; Folkman, Winsey & Moghul, ] 968) these drugs are usually vaporized and administered via the lungs and pulmonary circulation.
Vaporization is achieved by exposing a surface of the liquid to a quantity of oxygen, air, or other gas, in the presence of heat necessary for the latent heat of vaporization of the liquid. The oxygen, air, or other gas used in this way acts as a vehicle for the liquid anaesthetic, as well as perhaps supplying oxygen to the animal (the term 'vehicle' throughout this presentation refers to one, or a combination, of these substances). There is likely to be a gradual fall in temperature of the liquid during the course of vaporization, with a consequent alteration in the rate of vaporization. Thus if the quantity of drug delivered is to be maintained, adjustments to vehicle flow, exposure of liquid surface, or availability of heat, must be made by the user, unless the vaporizer has been specifically constructed to cope with these problems.
The physical properties of the liquid and the magnitude of physiological change produced by small variations in concentration of the vapour to which the animal is exposed govern the accuracy and complexity of vaporizer design necessary for safe use of a particular drug (Bourne, 1964) . A simple container for the liquid anaesthetic with entry and exit ports for the vehicle, as described by Boulton (1966) , may be all that is necessary. If greater accuracy is necessary this may be achieved by commercially available vaporizers or those of laboratory design (Reese & Nunn, 1961; Parbrook, 1966; Jacobs, ] 967; Simmons & Smith, 1968) . Commercially available vaporizers are calibrated following construction and their use may appear to obviate the necessity for a specific laboratory design, but it should be noted that they are intended to function within certain ranges of vehicle flow; outside these ranges such factory calibrations may be unreliable.
One instance of this type of situation is the combination of a halothane vaporizer (FIuotec) with a Palmer ventilation pump (Hallen, Westermark & Wahlin, ] 965). Another is demonstrated by the intermittent pressure changes within a vaporizer that can occur in some mechanical ventilation systems (Hill & Lowe, ]962 ). An indication of the necessity for assessing the performance of any vaporizer before use is the documented variation in performance of similar vaporizers in regular service (Adner & Hallen, 1965) . Thus whatever type of vaporizer is employed it should be calibrated under the proposed conditions of use with particular reference to temperature and characteristics of vehicle flow through it. Calibration can be done by measuring the weight or volume of liquid vaporized by a known volume of vehicle for certain intermittent periods during a few hours of vaporizer use (MacIntosh et at., 1963) .
More accurate methods (Belleville & Weaver, 1969) utilize gas chromatography or spectrophotometry.
ASPECTS OF RESPIRATION
The purpose of pulmonary ventilation is to supply the pulmonary circulation with sufficient oxygen for the animal's metabolic needs, and to remove a product of metabolism-carbon dioxide. Thus as well as being a biochemical process, respiration is a cardiopulmonary function.
It cannot occur satisfactorily if blood in sufficient quantity does not pass through the walls of a sufficient number of alveolae that are themselves periodically distended with a suitable quantity of gas including a proper proportion of oxygen. The volume of the respiratory tract that does not participate in alveolar gas exchange is referred to as 'dead space'.
Under certain circumstances spontaneous respiration may involve such small inspiratory and expiratory volumes that each inspiration is seriously contaminated by the portion of the previous exhalation occupying the dead space. Alternatively, or in addition, the mechanical arrangements for connecting the respiratory tract of the animal to the source of vehicle and anaesthetic drug will increase the dead space if any previously exhaled volume remains in it. A constant repetition of such events can produce serious physiological derangements.
The requirements of ventilation during anaesthesia are commonly achieved by spontaneous breathing.
During each respiratory phase an inspired volume is drawn from its source over the surface of a liquid anaesthetic drug before entering the respiratory tract-a 'demand' system. Or there may be a continuous flow of vehicle and anaesthetic drug into a reservoir from which the intermittent demands of the animal or mechanical ventilator may be supplied. This reservoir can be an expansile container having no communication with the environmental air during inspiration, or a rigid tubular T-piece with 3 limbs, 1 connected to the source of anaesthetic, I to the animal, and 1 acting as a reservoir open to the atmosphere.
The expansile container must be supplied with a volume per minute at least equivalent to the minute volume requirements of the subject, and be of a size that will accommodate any single inspiratory volume.
The reservoir limb of the T-piece must be large enough to prevent extreme dilution of its contents by environmental air at the time of inspiration, and fresh vehicle flow into the reservoir must be sufficient to remove exhalation from the limb in order to prevent rebreathing of exhalation.
In the case of a T-piece this is 2.5-3.0 times the minute volume requirement of the animal (Harrison, 1964) . The nose cone ('mask') for an animal, if closely applied over the nares, serves as a connector between the animal and the reservoir of anaesthetic. If it is only loosely applied and the animal has access to room air, the presence of part of the animal's head within the cone creates a modified T-piece system, and similar principles of usage apply to it.
Another method is the release of vehicle and anaesthetic from a small catheter just above the tracheal bifurcation. This is referred to as insufflation.
Reference has already been made to the nose cone as a means of connecting the respiratory tract of the animal with the source of vehicle and anaesthetic. However, this can be technically unsatisfactory as it is most important to maintain a clear airway between the source of the anaesthetic drug, its vehicle, and the respiratory surfaces of the subject.
The introduction of an artificial airway from the mouth to the trachea is not mandatory but has very real advantages in that the likelihood of respiratory obstruction is reduced, contamination of the lungs with undesirable material is prevented, and artificial ventilation is facilitated. Similar comments can apply to tracheotomy and the insertion of a tracheotomy tube. The presence of an endotracheal or tracheotomy tube is not a certain protection against respiratory obstruction, and the complications which can occur sometimes verge on the bizarre. They most commonly involve such things as occlusion by secretions, kinking, and obstruction of a major bronchus. Thus even though an artificial airway has been inserted its efficacy should be assessed at the time of insertion and constantly during the course of the procedure. The internal diameter of the artificial airway should be as large as is possible without damaging the animal, as should connections between airway and reservoir, to minimize the work of breathing. An exception is if the endotracheal tube is employed solely to release vehicle and anaesthetic in the trachea-to insufflate anaesthetic. In this circumstance the cross-sectional area of the tube should reduce the lumen of the trachea as little as possible, and careful attention should be paid to maintaining an unobstructed pathway for exhalation.
When spontaneous inspiratory volumes are inadequate, appropriate volumes can be introduced by mechanical artificial ventilation. If a T-piece system is in use a simple form of mechanical ventilator intermittently occludes the limb utilized as a reservoir and for exhalation, thus creating a positive pressure that inflates the lungs. Other types of ventilator have been reviewed by Mushin, Rendell-Baker & Thompson (1959) and described by makers of laboratory equipment. Ideally the ventilator should be capable of supplying the required peak inspiratory flow rates and inspiratory volume. The respiratory rate should be variable, and the timing of the inspiratory and expiratory phase should be adjustable. A long inspiratory phase permits better gas distribution and mixing in the lungs, but the value of this must be balanced against the depressant effect on cardiac output produced by a prolonged rise in intra-thoracic pressure.
The ventilation requirements of some animals, normally achieved by spontaneous breathing, have been assembled by Galla (1969) , and are shown in Fig. I . Standards for the artificial ventilation of small mammals have been described by Kleinman & Radford (1964) , whose data are reproduced in Table 1 . 
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The importance of avoiding mixing exhalation and inhalation in an anaesthetic apparatus has already been mentioned with reference to T-piece and modified T-piece systems. Arrangements commonly used with expansile reservoir systems involve the insertion of flap valves that can direct exhalations along a separate pathway as soon as they have left the animal, and then occlude this pathway during the inspiratory process.
Such valves are effective provided the volume between the functioning part of the valve and the animal is as small as possible, resistance to flow is minimal, and the normal inspiratory and expiratory pressures exerted by the animal effectively open and close the valve for the duration of the anaesthesia.
Other types of valve are spring-loaded ports opened by the combination of pressure developed by expiration and any exerted by vehicle flow from its source.
Thus location and characteristics of valve, vehicle, and exhalation flows are of paramount importance. This subject has been reviewed by Sykes (1968) and these factors should be given careful consideration when equipment is being designed, assembled, or re-arranged.
Whatever apparatus is selected, high resistance to exhalation can result in such complications as reduced cardiac output, increased bleeding at operative sites, and impaired access to certain areas of the body-particularly within the skull.
The systems so far described permit the release of exhalations to the atmosphere and result in loss of water vapour, heat, and a drug that may be expensive. An alternative is to pass exhalations through a device that removes the carbon dioxide and returns the residue, supplemented by additional oxygen and perhaps anaesthetic drug, for rein halation.
Such an arrangement can also be applied to the circulation of vehicle and anaesthetic through anaesthetic boxes. The principal problems that can be associated with carbon dioxide absorption are the passage of exhalations through the absorber with inadequate exposure to the absorbent, and rapidly increasing resistance to flow through the absorber. Various designs of absorber and absorbents have been described by Adriani (1962) . Although completely closed circle systems are widely employed, it is also common practise to have a deliberate leak through a spring-loaded port, thus creating a semiclosed absorber system. The placement of valves and connections is important and has been discussed by Sykes (1968) .
Even if absorption systems are employed some anaesthetic drug is discharged from the anaesthesia system into the surrounding atmosphere.
This may be considered of only ephemeral importance though not all epidemiologists and workers in poorly-ventilated laboratories will support this view. The subject of removal of waste anaesthetic drug vapours has been reviewed by McIntyre & Russell (1967) , and other mechanical devices for attachment to exhalation valves have been described (Marrese, 1968; Yeaker, 1970) .
ASPECTS OF CARDIOVASCULAR FUNCTION
Cardiac arrhythmias that have a serious effect on cardiac output are unlikely to occur spontaneously during surgery and anaesthesia if successful attention has been paid to the maintenance of a normal PO 2 and PCO 2 (gas tension in the blood). Bradycardia caused by vagal stimulation can be appropriately treated with atropine. Arrhythmias associated with sympathomimetic drugs or activity of the sympathetic nervous system usually respond to beta receptor blocking agents (Fitzgerald, 1969) .
The probable effects of anaesthesia on the cardiac output of a particular animal have to be predicted with reference to the pre-experimental state of the animal. If hypovolemia already exists then the induction of anaesthesia may produce serious perfusion problems. However, if drugs are administered in cautious incremental doses and appropriate intravenous fluid therapy is supplied, serious physiological changes should not occur. Similar comments apply for the duration of the experiment, when fluid loss from the skin and respiratory tract as well as from the operative site will take place.
All drugs employed in the production of general anaesthesia can reduce myocardial contractility, but it is unlikely that the required drug dosage will present a serious hazard. However, should this seem to be the case for a particular series of experiments, drugs whose primary site of action is neuromuscular transmission can be used to produce muscle relaxation and obtund motor responses to respiratory tract stimulation. Thus the dosage of general anaesthetic required is reduced, as are the undesired effects on the cardiovascular system and metabolism. Properly used these agents are invaluable for many procedures of long duration.
The posture of the animal can influence cardiac output by altering the venous return to the heart. The venous return may also be seriously reduced if a pregnant creature near term-even a biped-is placed on its back. Accordingly the position in which the animal is placed is an important factor during anaesthesia, and care should be taken to avoid pressure on nerves with ensuing paralysis.
Not only can existing physiological and pathological states modify cardiovascular responses to anaesthetic drugs, but so can other drugs that the animal may be receiving. Many examples of drug interaction have been documented though the mechanism is not always understood. Reference to the information summary prepared by Grogono & Lee (1970) , and to the review by Prescott (1969) , may result in an economy of experimental animals.
DRUG SELECTION
An outline of the pharmacology of drugs used in anaesthesia is outside the scope of this guide. [n that many drugs are used experimentally prior to clinical trial, and extensive investigation sometimes continues, a profuse supply of data is available.
The particular subject of anaesthetic drugs and animal anaesthesia has recently been reviewed (Strobe & Wollman, 1969) . Selection of drug is based on the particular physiological requirements for the experiment, the knowledge that the drug does not significantly effect responses of interest in the experiment, drug interaction, and the species of animal.
Regardless of whether a general anaesthetic state has been produced in the animal by means of injection or inhalation of drug a number of factors must be taken into consideration when the induction dose is being predicted. These include age, sex, nutritional status, circadean rhythms, acid/base balance, haemodynamic state, endocrinological function, pulmonary function, and body temperature.
Many of them are intimately related to the distribution to sites of storage, activity, metabolism and excretion of any drug administered, and its capability of producing cardiopulmonary collapse or more delayed complications.
Variation in these factors may indicate a reduced quantity of drug necessary for the induction and maintenance of anaesthesia, or even a variation in technique.
Metabolic defects in the animal, and drugs already administered, though unrelated to the anaesthesia, can profoundly influence the course and ultimate outcome of an anaesthetic, so that drug and metabolite interaction of a physiological or pharmacological nature should be borne in mind.
Intravenous administration
Although in this article emphasis has been laid on anaesthetic drugs usually administered by inhalation, small amounts of these are sometimes supplemented by intravenous agents.
In particular, nitrous oxide can be effectively administered in association with analgesics such as morphine, or local anaesthetic drugs such as lidocaine.
Other successful methods of general anaesthesia exist. The use of the term general anaesthesia to describe the particular state produced might involve a semantic discussion, but at least the state involves the whole body, as opposed to local or regional anaesthesia whose primary effect is on a portion of the body. Electrical anaesthesia has been recently reviewed (Dallmann, Lang, Larson, Reigal & Sances, 1970; Herin, 1969) . Alternative methods include the intravenous or intraperitoneal injection of potent analgesics (Seal & Erickson, 1969) and dissociative drugs (Corssen, Miyasaki & Domino, 1968) . Sodium pentobarbital has been widely employed for many years and needs no further comment. However, if one of the methods just mentioned represents the technique of choice, many of the comments already made with reference to inhalational anaesthetic drugs and the respiratory and cardiovascular system are applicable to the situation. MONITORING During the course of the anaesthesia parameters affected by the anaesthesia that are related to the success of the experimental procedure should be monitored (unless sufficient information is available to permit appropriate assumptions).
The more important of these include body temperature, oxygenation, acid/base balance, blood pressure, fluid balance and cardiac rhythm.
The monitoring of the depth of anaesthesia is achieved by administering drugs in a quantity known to produce an effect within a certain range and observing the motor and autonomic responses to certain stimuli. Electroencephalography-in the absence of other modifying influences-provides accurate information about the electrical activity of the brain that has itself been experimentally related to depth of anaesthesia (Sadove, Becks & Gibbs, 1967) . If the animal has been paralyzed by drugs with effects primarily on neuromuscular junctions, reliance has to be placed on the existing pharmacological knowledge of the anaesthetic drug and the autonomic responses to stimuli of the experiment.
This should not be considered to outweigh the value of neuromuscular blocking drugs, because the expert use of these agents can protect the animal against the degree of cardiovascular depression and metabolic derangement associated with the use of other techniques, without causing the animal discomfort.
The neuromuscular blockade can be periodically assessed by applying an electrical stimulus to a conveniently located motor nerve.
LABORATORY PRECAUTIONS
These observations concerning general anaesthesia in the laboratory would be incomplete without reference to laboratory safety and anaesthesia.
Severe accidents can result in loss of life, destruction of expensive equipment and delayed experimentation.
It is the opinion of many anaesthetics that any anaesthetic requirements can be fulfilled without the use of inflammable agents. If it is mandatory that an agent such as diethyl ether is employed, then attention should be paid to the real possibility of fire and explosion.
The most common ignition sources are open flames or smouldering material, electrical equipment, hot surfaces, sparks, static charges, and friction. Laboratory safety is comprehensively dealt with by Steere (1967) and precautions include avoidance of the obvious hazards, and such things as suitable placement of switches and electrical grounding.
More specific guidance is usually available from local government or fire department regulations.
It is worth noting that flammable vapours can originate from a dead animal that has been anaesthetized with a substance such as diethyl ether.
Such animals should not be placed in an area of potential hazard-even a refrigerator-to await disposal.
Cylinders containing compressed gases should be securely fastened in an upright position.
Pressure reducing valves are of necessity interposed between cylinder and flowmeter.
Oxygen valves and orifices of cylinders should never be greased.
POSTANAESTHESIA CARE
The animal upon which an acute experiment has been performed presents no problem beyond the moral requirement for the investigator that the animal must not have suffered, and the optimum use must have been made of the life it is considered justifiable to sacrifice. Other animals represent an investment of time, money, and effort that a serious attempt should be made to preserve.
Common causes of morbidity and mortality are respiratory inadequacy, cardiovascular failure, and self-inflicted injuries. These latter may occur if the animal is placed in an environment with which it cannot cope in its druginduced state. Respiratory obstruction is likely to occur if the tongue, laryngeal and pharyngeal muscles are relaxed, and upper respiratory tract reflexes are depressed.
The nearer the animal is to consciousness at the termination of the procedure the less likely this is to occur and the shorter the time that skilled supervision is needed.
Another cause of acute respiratory obstruction or potentially lethal pulmonary complications is the regurgitation or vomiting of gastric contents, a likely occurrence if appropriate attention has not been paid to the feeding and watering of the animal in the preexperimental period.
There is little accurate information available regarding the gastric emptying time of different animals in an environment of experimentation. However, undue restriction of food and fluids will result in depletion of liver glycogen, acid/base imbalance, and perhaps even hypoglycaemia, so a judicious balance between the hazards referred to must be determined.
It is suggested that if an animal has free access to fluids this can be continued to within 3 hours of anaesthesia, and soft foods can be made available until 6 hours prior to anaesthesia.
Animals with multiple stomachs present a more complex problem, and the respiratory tract should always be isolated from the gastrointestinal tract as soon as possible after induction of anaesthesia and remain so until recovery of consciousness. Cardiovascular homeostasis should be maintained during the experiment.
If at the termination it appears likely that the tissues of the animal are not being adequately perfused with blood, appropriate therapy should be completed before the animal is left to recover unattended.
The effects of any vasopressor given should be carefully monitored.
Although such drugs have a place in the treatment of some forms of pharmacologically induced hypotension, their place in overall resuscitation is small. More satisfactory results are usually obtained by restoration of circulating blood volume and elimination of depressant drugs from the body.
If the adequacy of the spontaneous respiration seems doubtful, it is more likely to deteriorate than improve.
The most reliable and necessary treatment for inadequate pulmonary ventilation is manual or mechanical artificial ventilation until such time as the causative drugs have been metabolized or excreted, or the causative pathology has been corrected.
In certain instances this period of time can be eliminated or reduced by the use of drugs. The residual paralyzing effect of neuromuscular blocking agents such as d-tubocurarine, gallamine, and pancuronium can be reversed under normal circumstances with a combination of atropine and neostigmine. These normal circumstances refer to muscle physiology, electrolyte and acid/base balance, as well as an absence of relaxant overdosage.
The respiratory depressant effect of opium alkaloids and synthetic morphine surrogates can be reversed by narcotic antagonists such as nalorphine and levallorphan.
Barbiturates can produce respiratory depression needing treatment, and improvement may be achieved by drugs.
However, the duration of effect and occasional accompanying side effects indicate that available antagonist drugs are not always satisfactory.
Response to them should be monitored carefully, and effective artificial ventilation and cardiovascular support should be the basis of the treatment of inadequate spontaneous ventilation.
ANAESTHETIC TECHNIQUE
Anaesthetic techniques for different experimental subjects have been extensively documented (Westhues & Fritsch, 1965; Lumb, 1963; Graham-Jones, 1964; Hall, 1966; Miller, Ben & Gass, ] 969), and a complementary bibliography appears as an appendix to this article.
However, there is an important practical aspect to the administration of any anaesthetic: the information available in the literature should if possible be supplemented by a brief period of observation in a laboratory.
Rather than attempt to describe a generally applicable technique of general anaesthesia for the experimental animal, the ensuing checklist is suggested for the investigator planning to employ general anaesthesia for experimental purposes.
I. Does the drug or technique proposed alter the parameters of interest in the intended experi ment ?
2. Is the equipment available suitable for the animal to be used?
3. Is the initial drug dosage selected for induction of anaesthesia compatible with the physiological state of the animal?
4. fs the selection of anaesthetic drug, and proposed dosage, compatible with other drugs that the animal has received? 5. Can the necessary parameters relating to the anaesthesia be conveniently monitored during the experimental procedure?
6. If pulmonary ventilation is likely to become inadequate can the animal be artificially ventilated?
7. If cardiovascular problems develop can these be treated?
8. Will the anaesthetic technique selected result in the minimum requirements for skilled care in the immediate postanaesthetic period '?
9. Is adequate supervision available for the postanaesthetic period?
10. Have appropriate precautions been taken to prevent the animal having a full stomach during anaesthesia?
II. Have the requirements for laboratory safety been met?
In conclusion, there is an immense quantity of valuable published data relevant to the administration of anaesthesia.
No attempt has been made to supply a comprehensive bibliography for the various aspects of anaesthesia that have been mentioned here. The reference cited in the text have been selected as a basis for further reading, should this be considered desirable. The selection and administration of anaesthesia requires a technical ability as well as a knowledge of the relevant physical principles, pharmacology and physiology.
Some of this has been supplied in this guide.
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